In this paper the method of synthesis of distributed regulator, uniform control object is regarded, which is based on the specified inaccuracy. The function of the initial heating has been received; the mathematical modeling of the process has been conducted as well as the analysis of the results. With the help of the obtained regulator hardware and software complex has been designed in the Pascal programming language, the complex allows to simulate the behavior of the temperature fields in the isotropic rod. The article presents the simulation of the temperature process for different configurations of the system. Namely, there is simulation with different number of impulsive heating sources with the relay control principle. The practical results of these studies suggest the possibility of building silicon carbide heating element, made in the form of an isotropic rod.
INTRODUCTION
Electric tunnel kiln of conveyor type has a number of advantages and some disadvantages. One of the major disadvantages of electric furnaces of this type is that they are expensive to maintain the value of energy resources, so for heating of one of the heating elements the energy, equal to 0.12% of the value of one item is consumed. In the tunnel kiln hexagonal silicon carbide rods are arranged along the entire length of the firing chamber.
Such long heating elements require a long time to worming up and a lot of energy demands, which in its turn has a significant impact on the final cost of the product. Let's consider the possibility of the cost reduction at the expense of the use of impulsive heating elements, which in their turn will heat the silicon carbide rods for maintaining a predetermined temperature regime of the kiln section. At the expense of the short-term switching on, the energy saving and, as a consequence, the reduction of the cost of the product will occur.
THE TASK ASSIGNMENT
In modal image analysis solutions are infinite or finite linear combinations of "modes", as a combination of exponential-periodic basis functions of time and coordinates [1] .
On the basis of process models program controls' synthesis is implemented, by the formalizing of the requirements into single-point or multi-point target conditions (equations, inequations), which are represented by the requirements of minimizing of quality functionals. Within the correlations between the coordinates (factors) the analytical solutions of the heat conduction operators are used or difference schemes for the corresponded tasks. This allows you to purchase a great variety of algorithms for software control. These algorithms, with the associated generalization can be designed to create a system of locally-optimal or locally-oriented management.
Let's us set the problem of stabilization of the temperature field in a certain temperature range. Approaches to the synthesis of stabilizing controls may be considered on the basis of variant target conditions and solution of mathematical programming problems by numerical methods. As a result, the solutions of target conditions it is required to obtain an explicit representation of the laws of feedbacks, which in its turn allows us to investigate the conditions of stability of closed systems of stabilization of distributed objects. In the case of T(x,t) is analytical solution of initialboundary task, the system of the targeted equations has a form of:
T(x, t) = T(x,Тdet,i );
where T(x,Тdet,i) − if an analytical solution is determined up to the parameters of the heated body and external disturbances, the system can be solved relating to the last variables.
METHODS
Target conditions of inequation type, determine interval requirements for object coordinates for a total of predetermined moments of time. The problem is reduced to the solution of a finite number of systems of inequations on specified relating to the parameters of input effects or object parameters:
T-≤T(x, t) =T(x, tdet,i) ≤ T+.
Target conditions in the form of minimizing the functional, which set on deviations of temperature regimes (from specified requirements) is realized by minimizing the object's parameters or input actions, which will reduce the problem of synthesis to problems of finite-dimensional minimization: J| T (xm,tn), T(xdet,m,tdet,i)|→min:
where T(xm,tn), и T(xdet,m,tdet,i) analytical temperature values at predetermined time points and the coordinates as well as their numerical values. Next, on the described mathematical model we will conduct synthesis of control effects on the rod [2] , [3] , [4] . It is required to find the parameters of the function T (x, t), solutions, which are selected according to the predetermined initial conditions, which may be equation, inequation, or conditions. Where the synthesis is carried out, using the analytical solutions of initial-boundary tasks. For the presentation of the generalized solution we may use the formal series
With the use of the single-point conditions by time and coordinates the problem is reduced to the solution of the equation relating to the following parameters:
This solution is a nonlinear algebraic equation, relating to the parameters that provide the implementation of the target conditions. In other words, this function is a criterion for regulation of the temperature field. In the case of multi-point target conditions, which specify temperature conditions of the flock of points of time of coordinate axes, we can reduce the synthesis problem to the problem of solving a system of equations, relating to the parameters
Using a series with a finite number of summand, the solution of the problem is reduced to the following equation:
Let's perform the task of stabilization of the temperature field in the rod at a value of Tdet = const, using the obtained function. At the initial time τ0 = 0 the switching on of all the sources of temperature will occur. Each temperature source affects the neighboring sensors and temperature fields, caused by nearby thermal sources. Applying the Green's function, we obtain the following expression: the effect of the first source on the seven following sensors
The effect of all sources on the sensors x 1 , x 2 , x 3 : 
In general terms, for the N number of sources and sensors d, expression of the function of the initial warming at the observation point xj will be as follows
After some time, the temperature of the rod will decrease due to the zero-point boundary conditions. At the point of the isotropic rod xj the function, T(xj,t,τ0) decreasing, will achieve the predetermined value Тdet. Let us say, with t=τ1, the impulsive source with the relay control is switched on ξj, which corresponds to xj. Then for instance, at the τ1 point of time the x1 the temperature source outputs the value equal to the predetermined temperature regime Тdet. Next, the ξ1 source is switch on and effects on all the sensors.
( )
The function of the initial heating continues to have residual effects on each temperature sensor. Let's calculate the total thermal effect of all the sensors on all sources:
In more simplified form, we obtain the following results for the first three points:
With the course of time τ2 in the point x3 the function, decreasing, achieved the value of the predetermined temperature regime Тdet. After that the impulsive relay source ζ3 is switch on, which is located with the correspondence to the x3 sensor and creates temperature effect on all points of the rod. At each point of the rod the impact of the function of the initial heating extends. Based on the above stated we obtain:
Then we will receive the following temperature fields' correlations:
The effect of all functions on all sources may be expressed by the following equation 
Or in simplified form
At the initial point of time (at 0 = t ), the expression has form of: 
At any fixed point of section: 
RESULTS
The function, which takes into account the behavior of the temperature field in the course of time, makes it possible to consider a distributed control object as a unified system of thermal fields. Let's consider the interaction of thermal fields in the rod of l length, and of the type of material, which is characterized by the a2 thermal conductance. Let us assume that the rod is negligibly thin, that is, we assume it to be one-dimensional [5] , [6] , [7] , [8] . Let us solve the problem of the control system synthesis, the stabilization of the temperature field. To do this, let us implement the Green's function in the Delphi language and write a program that simulates the behavior of the temperature field in the course of time. The program code that implements this task is as follows: ξ ∈ , а2=0.01. We obtain the following values of the temperature at different numbers of the heating points.
According to the Table 1 it is clear that in the middle of the rod the temperature is higher than at its ends. This is due to the so-called heat sink. The chart of the values of the temperature field may be seen in Figure 1 Having analyzed the data of the table it can be concluded that there is a fact of an unjustified use of maximum possible number of the heating elements. Let us say if it is necessary to stabilize the temperature within 0.6 degrees it installation of 10 heating elements is sufficient, while a larger number will be redundant.
Figure 1. The value of the temperature field depending on time
Now it is necessary to understand whether the designed control system will behave the same in other initial parameters of the system. Particularly we are interested in the question of presence of hexagonal silicon-carbide as the control object. However, it is necessary to make simulation with different numbers of objects and different parameters. It will provide reliability of the obtained simulation results of the process of the temperature field stabilization. Let us conduct the research of the object, within the changing of its length. To do this, we will change the corresponding initial data: l=0.5, k =10, It is clear that the achieving the predetermined temperature at the predetermined range depends on the material of the rod as well. Let us carry out a research for an identical object, but made of other material. Let us change the initial data to meet the new requirements and set the following values: l=10, k =10, d=9, Let us carry out a research for materials with the lowest thermal conductivity, in order to compare results. The results show that maintaining the predetermined temperature in the rod depends on the material type and on the number of discretely located heating elements. It can be also concluded that an excessively large number of impulse heating elements is capable to exceed the predetermined temperature range. This is due to the fact that the heating impulse comes before the material has time to cool, thus causing overheating. Too small amount makes it impossible to heat the entire rod up to the required temperature. ( ,0, )
The values of the temperature field are determined using the Green's function, which in two-dimensional form takes the form of:
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The impulse source creates the heating impulse in a point 4
, then the value of the temperature field will have the form of:
For this function, the amplitude of the Fourier's series takes the form of: . Let us conduct the calculation of the function, in which we take into account only the first 5 members. Within this calculation we will set the following conditions [9] - [15] .
spatially distributed delta function in the form of Fourier's series, i.e.
which is presented as the
Fourier's series is considered as the generalized one. These functions are of great use in systems with distributed parameters, in particular for their simulation.
The arguments of these functions are usually coordinates of the control object. will change their integral representation, and namely they will take the form below:
In the case, if to the distributed control object the effect is applied with the relay control principle there the change of the output function will occur. For the further analysis, we will fix the time at nonzero point. And, as it was in the previous example, we will analyze the amplitude of the Fourier's series, as follows:
In the case of n → ∞ , then the effect of each following member of the Fourier's series is reduced. And, therefore, the number of members of the Fourier's series can be limited. This restriction does not affect the model of the system, as each following member has less influence, but to exclude the possibility of changing of the initial model we will analyze the error calculations. This calculation will be carried out on the basis of a specified accuracy ε .
If we conduct the accuracy calculation, as 10 l = , a = 0.01, 10000 t = , ε = 0.0001; then 9.167 n ≥ , and, consequently, in the case of system requirements has the necessary accuracy of calculations ε = 0.0001, the accuracy of the result is 91% within the calculation of the nine members of the Fourier series. You can also see that in the course of time, the system goes to the stable operation regime and the amplitude decreases. Then we find that in the steady-state members of the Fourier's series will have the least impact. Thereby, let us calculate the time point, after which the number of the Fourier series can be reduced. For the calculation we take the same values as in the previous example:
0.25 t ≥ . The considered model describes the behavior of the temperature field in the static mode without interaction between sources and sensors of the system. Let us analyze the system in a dynamic mode. For that we will receive the control, variable in space function of the initial heating. This function allows determining the values of the temperature field after the accounting of the effects of all heat sources on the object. Also, this function will allow to simulating the behavior of the temperature field in the course of time. Let us consider the plane, carrying the n number of point impulse sources and n number of sensors and set the following boundary conditions 1 2 (0, , ) ( , , ) 0; ( ,0, ) ( , , ) 0; ( , ,0) 0
T y t T l y t T x t T x l t T x y
The system goes out from the state of rest under the action of impulse heating elements with relay control principle. All heating elements are activated simultaneously 0 0 τ = . All of these heating elements will impact on all the temperature sensors of the system. If we consider the case of the Begin vspom:=(4*exp(((-pi*pi*a*a)*(n*n/l1*l1))*((n*n)/l2*l2)*t1)*sin(pi*n *x[j,i1]/l1)*sin(pi*n*y[j,i1]/l2)*sin(pi*n*ksiP[i,i1]/ l1)*sin(pi*n*ksiV [ After which the system will pass to the stationary state of the system. Namely, stable temperature regimes will create control effects only at those points of the control object, where it is needed, thus stabilizing the temperature field in a certain range Tmid = Tdet the system engage to a stable state. The process at the steady state: Figure 5 . The system in a stable state
As it has been studied with a cylindrical object, let us investigate the distribution of heat through the plate, with the various characteristics of the control object.
dimensional cases. The obtained result can be considered as adequate. However, because of the large dimension it is impossible to simulate the model in the programming media. This is due to the fact that the range of the temperature field values goes beyond the data set and can not be counted. Let us compare the results, obtained in Table 5 . -006 ***************** * ******************* * ******************* * 0.028643870768221 9 4.71693549537191e-044
1.02444796925336e-066 0.028530036667835 7 3.87198479021778e-044
7.61904369051661e-066
From the obtained results it is clear that the value of the temperature field, with the same initial data, decreases with accordance of the degree of the equation.
However, it should be noted that the conformities, observed within the considering of one-dimensional case, are identical to the conformities of two and three-dimensional objects.
For example, the first heating impulse has maximum amplitude and, in the course of time, to maintain the predetermined temperature value, short pulses at certain locations of the object are sufficient, which in its turn suggests the irrational use of solid heating elements, located throughout the whole spatial object area.
For instance, in tunnel kilns, for porcelain and brick firing as well as for the bakery oven the solid heating elements are used, which are arranged in the zones of heating over the entire area of the heated surface.
At the same time, the tests showed that to maintain the temperature of the product (brick, statue, bun, etc.) it is not necessary to use solid heaters, and the use of point impulse heating elements with relay control principle is sufficient.
DISCUSSION
The actuality of the conducted research is defined by the complexity of the implementation of nonlinear control systems by the objects with distributed parameters. Controlled values of such systems depend not only on time but also on the distributed spatial region, occupied by the object. In this regard, the class of control effects expands essentially, primarily due to the possibility of their inclusion to the number of space-time controls, described by the functions of several variables − time and space coordinates.
Peculiarities of systems with distributed parameters require the creation of an apparatus for analysis and synthesis, based on non-traditional classical control theory of mathematical tools. There are various forms of model description of systems with distributed parameters: in the form of differential equations in partial derivative; structural representation of systems with distributed parameters, which is based on the fundamental solution of the boundary task; representation of distributed objects in the form of complex of transfer coefficients by their own vector of the operator object.
For the analysis of control objects described by nonlinear partial differential equations, the most commonly used approximation methods. However, it should be noted that to date, the approximation technique of distributed systems specially chosen centered system has not been developed, thus, in many problems of the process of approximation is unstable with respect to errors in intermediate calculations. Development of models for the systems under consideration and synthesis techniques have recently engaged in a large number of authors in mind unconditional urgency and great demand for technical solutions in practice. However, many of the end stages of modeling systems, suggesting further parametric synthesis, the use of which is connected with the solution of some problems. The proposed method compares favorably with the fact that it is brought to its logical conclusion -derived control algorithms.
The scientific value of this work is to develop the theoretical foundations of the analysis and synthesis of nonlinear distributed control systems.
The practical significance of the work lies in the fact that the developed method of calculating the installation location of the heating elements, depending on the temperature field, we can consider the installation of electric tunnel kilns conveyor type sectional impulse heaters. Analysis of the results of the developed software to stabilize the temperature fields shown:
1) The possibility of the achieving the desired temperature range of the kiln through the use of impulse heating elements.
2) The ability to stabilize the temperature field within the permissible range. The dependence of temperature on the length of the section is regarded.
CONCLUSION

